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What does an accreting intermediate mass black hole look like?

t could be bright
_egq = 4TTGMm c/o; = 1.26 x 10°° (M/Mg,,,) erg/s

~or a 100-1000 Mg, accreting BH, L can be as
nigh as 1049-1041 erg/s

~inding a source so bright that it is super-
Eddington for a stellar-mass BH may be a clue that
the source is an intermediate-mass BH.

ULXs are thought to be IMBH candidates.




» The actual value of L depends on m,
« L=(¢/0.1)(0.1m,, c?)
= (8/0.1)(Mye / 108 Mg, yr') 5.7 x 10%7 erg/s

* The value of m ,, depends largely on the state
of the donor and on the mechanism that fuels
mass transfer. (e.g., gravitational radiation,
nuclear evolution of the donor, irradiation of the
donor)



If the accretion is mediated by a disk which is geometrically
thin, but optically thick, the spectrum must be soft.

kT,=42eV ( (§/0.1) L,,/3x10%"erg/s)"4

(103Ms,,/M)"2g
(M/103Mg,,,)=(42eV/KT,)? ( (§/0.1) L,,/3x10%7 erg/s)"? g2
g is a factor of order unity.

The above is a lower limit on M; spectral hardening, BH
spin, and orientation effects, will increase the estimate for a
given set of values for L and T.

Iso



Note that the model may break down for L << L.
One puzzle is: Why are ULXs not generally soft?

It has been suggested that the high computed
luminosities of some of these sources is due to
beaming, not to a high-mass accretor (e.g., King et
al. 2001).

Some ULXs are soft (e.g., Mukai et al. 2003; Miller
et al. 2003; Kong & Di Stefano 2003; Fabbiano et
al. 2003).



 The answer is "yes’: there are many.

 Some may be accreting WDs, some may
be SNRs, etfc.

« But a natural model for some is that they
are accreting IMBHs.



SSSs are sources with kT ~ tens of eV, and with L
typically between 1036-1038 erg/s.

Some may be nuclear-burning WDs; some of these
may be progenitors of Type la supernovae.

We have developed a method to search for SSSs in
external galaxies. (Di Stefano & Kong 2003 a,b,c)

Each spiral galaxy is likely to contain over 1000
SSSs

We have tested our algorithm on simulated data.



P
_...Ini

a

-— - —aEEEEE— —— - — ] -
i

-+

[srunos | do

[N

o o=

[syunoa]de]

[N

o

[Brunos]Foe]

[N

= o=

[symmoa]doT

[N

= =

[srunow]do

|




All sources picked up in any but the first 2
steps are referred to as candidate

QSSs typically have 100eV < KT < 250 eV.

Or else they have a softer dominant
spectrum, but may include a small hard
component.

Are QSSs just an intriguing possibility?
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They are almost certainly not WDs.

They may be accreting neutron stars of stellar-

mass BHs. In this case they are introducing us
to a portion of the parameter space that has not
yet been explored.

The most natural explanation may be that they
are accreting IMBHs.

Note that they represent a simple extension of
observed properties of Galactic BHs.
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The first generation of stars was likely
dominated by high-mass (~1000 Mg,,) stars.
Their demise may have produced IMBHSs.

We don't know about the properties of any early
binaries. But, if any old IMBHs are accreting
today, the donors must be of low mass.

Some ULXs are found near star-forming regions.

We therefore consider a model in which old
IMBHSs capture main-sequence stars as they
pass though star forming regions.



Analytically:
M/Mg,, < 1.4 a_.' (Mg,/100M

For likely values of a_. and

50 Mg, < Mg, <1000 M

Sun)1/7

Sun

For mass transfer from a main sequence star:
My =2.7x101" Mg, yr' g#?

where g=m, /Mg,

The observed luminosity is a direct measure of q.

The orbital period is a direct measure of m,.

These systems will not be found near regions of star formation. If
dynamical friction influences their orbits, they will be near the
galaxy centers during the times of peak activity.






Galaxies are rich in SSSs and in QSSs.

We are faced with the challenge of understanding the
nature(s) of the members of each of these classes of X-ray
sources.

Some SSSs and some QSSs may be IMBHSs.
Whatever the nature(s) of SSSs and QSSs

IMBHSs need not be ultraluminous.

Binary evolution can provide important and testable
predictions about the properties of accreting IMBHSs.

The further assumption that IMBHs capture stars in star
forming regions leads to predictions about luminosity as a
function of source location within galaxies and as a
function of galaxy types.



